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" DENSITY AND BOILING POINTS I 


1 OF SOME 


COMMON GASES 




r- 

; Name 


Density 

grams/liter 

at STP* 


Boiling 

Point 

(at J atm) 

K 


iAir 




1.29 




'■- Ammonia 


NHj 


0.771 


240 


Catton dioxide 


COj 


1.98 


195 


Carbon monoxide 


CO 


1.25 


82 


Chlorine 


CJ, 


3.21 


172 


Hydrogen 


H, 


0.0899 


20 


liydragcn chloride 


HCl 


1.64 


188 


Hydrogen sulfide 


HjS 


1.54 


212 


' Meihane 


CH. 


0.714 


109 


, Nitrogen 


N„ 


1.25 


11 


; Nitrogen (II) oxide 


NO 


1,34 


121 


' Oxygen 


O, 


1.43 


90 


■ SuKur dioxide 


SO, 


2.93 


263 


1 "STP is defined as 273K 


or 0°C and 1 aim or 


760 torr 



for Chemistry 
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SOLUBILITY CURVES 

la 



^ TABLE OF SOLUBILITIES IN WATFR 


i 1 — nearly insoluble 
"—slightly soluble 
^ — soluble 

''— decomposes 
[J)_;;^^iot^Iaicd 
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SELECTED POLYATOMIC IONS 



CH3COO- 

cx- 

Hcor 
c,o,'- 

C!0- 
ClOi" 

CI03- 
cior 

CrO*^- 
CraOy^- 



acetate 
cyanide 
carbonate 
hydrogen 

carl>oiiatc 
rjnahll.i: 

hypochlorite 

chlorite 

chlorate 

perchlorate 

chromate 

dichr ornate 

mercury (I) 



MnO*" permanganate 

Mn04^~ manganate 

NH4''' antmonium 

N02~ nitrite 



011- 

F04^- 

SCN- 

HS04" 

SiOa^- 



hydroxide 

phosphate 

thiocyanate 

sulfite 

sulfate 

hydrogen sulfate 

thiosuUate 



(D 



Standard Energies o( Fonnation 


of Compounds at 


1 aim and 298 K 




Heal (Enthalpy) of 


Free Energy 


Compound 


Formation 


of Formation 




kcal/mole(^m 


kcal/motei^Oi) 


Aluminum oxide Al.p, (s) 


—399.1 


—376.8 


Ammonia NHj (g) 


—11.0 


—4.0 


Barium sulfate BaSO, (s) 


—350.2 


—323.4 


Calcium hydroxide Ca(OH). (s) 


—235.8 


—214.3 


Carbon dioxide CO, (g) 


—94.1 


—94.3 


Carbon monoxide CO (g) 


—26,4 


—32.8 


Copper (11) suifaic CuSO, (s) 


—184.0 


—158.2 


Ethane C^H,, (g) 


—20.2 


—7.9 


nthcnc C,H, (g) 


12.5 


16.3 


Ethync (acetylene) C,H, (g) 


54.2 


50.0 


Hydrogen fluoride HF (g) 


—64.2 


—64.7 


Hydrogen iodide Hi (g) 


6.2 


0.3 


Iodine chloride ICl (g) 


4.2 


—1.3 


Lead (11) oxide PbO (s) 


—52.4 


—45.3 


Magnesium oxide MgO (s) 


—143.8 


—136.1 


Nitrogen (11) oxide NO (g) 


21.6 


20.7 


Nitrogen (IV) oxide NO, (g) 


8.1 


12.4 


Potassium chloride KCl (s) 


—104.2 


—97.6 


Sodium chloride NaCI (s) 


—98.2 


—91.8 


Sulfur dioxide SO, (g) 


—71.0 


—71.8 


Water H,0 (g) 


—57.8 


—54.6 


Water H,0 (5) 


—68.3 


—56.7 


Samp 


c equation 




2AI (s) -t- iO 


., (g) ■■> A1,0, (s) 






Heats of Rcaelion at 1 atm and 298K 



Reaction AH (kcal) 

CH, (g) .|- 20, (g) -y CO, (g) .[. 2H,0 {0 -212.8 

C,H, (g) .f. 50, (g) > 300, (g) + 4H,0 (?) -530.6 

CH,OH [H) ^ ^O, (g) -V CO, (g) + 2H,0 (^) -173.6 
C'„H.A (s) + 60, (g) ■> 6C0., (g) -I- 6H,0 («) -669.9 

CO (g) + ^O, (g) -> CO, (g) _677 

NaOH (s) __HP^ Na- (aq) + OH" (aq) __io.6 

NH.a (,) __H,o^ ^H,, (,^j .^. a (^^j ^3^ 

H- (aq) -f- OH- (aq) ^ H,0 (C) _,3 g 
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SELECTED RADIOISOTOPES 



Nuclide 



'•C 



"^0 



'Cs 



Mopr 



'H 



'"I 



*0 



K 



^K 



"Ra 



VI 



■Sr 



WBU 



::<8U 



Half-Life 



5730 y 



53^ 



30.23 y 



27.5 s 



12.26 y 



8.07 d 



1.28 X 10° y 



12.4 h 



14.3 d 



1600 y 



28.1 y 



7.1 X 10" y 



4.51 X 10^ y 



Panick 

Efnissio,) 



— C 






^ 



P" 



y = years; d — days; h = hours; s = seconiiii 
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SYMBOLS USEE 


t IN NUCLEAR CHEMISTW 


electron 




e 
-1 


r 


positron 




e 

+1 




proton 


1 

H 
1 


p 

■ 


alpha 
particle 


*He 


a 


iwuiion 


'n 




n 


gamma 
radiation 




y 



fD 
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loiii/iition Energies and Elctilroncgnlivilics 





RELATIVE STRENGTHS OF ACIDS IN AQUKWIJ!" 


SOLUTION at I atm AND : 


[98 K 


Conjugate Piiirs 


t 


ACID BASE 


K, 


HI— ^H-^ + I- 


very targe 


HBr— J-H^-l-Br- 


very targe 


HCl-^^H^-t-a- 


very large 


HN0,-~>-H+ + NOr 


very large 


H,SO. J-H^-i-HSOr 


large 


H,0 + SO,~>H^ + HSOr 


1.7 X 10-^ 


HSOr— >H■'■ + S0/- 


1.3 X 10-^ 


H3P0, — ^H-'-^H.POr 


7.1 X 10-^' 


Fe(H,0),'-^ ~^H^ -i- Fc(H,OUOH)^* 


6.0 X 10-' 


HF— ^H^ + F- 


6.7 X 10-* 


HNOj— *-H++NOr 


5.1 X 10-* 


Cr(RO)„'^ —>-H+ -1- Cr(H,0),(OH}*^ 


1.0 X 10-^ 


CHjCOOH— >-H^ 4- CH.CCO- 


1.8 X 10^' 


A!(H,0)/* — >H* + Al(H,0),(OH)=^ 


I.O X 10' 


HjO-fCO,— >H+ + HCO," 


4.4 X 10-' 


H,S~>H-^-t-HS- 


1.0 X 10-- 


H,PO.-— *H^ +IIPO,=- 


6.3 X 10-' 


HSOj-— >H+4-S0,*- 


6.2 X 10-' 


J^H/— >-H-'-i-NH, 


5.7 X 10"'* 


HCO,-— '■H^-rCOj^- 


4.7 X 10-" 


HPO,'-— J-H^+PO.'- 


4.4 X 10-'* 


HS-— >-H*H-S=- 


1.3 X 10-'^' 


H,0 — . H* + OH- 


LO X 10-'^ 


QJJ-_J.J^._|.Q,- 


< 10-^'' 


NH,— >-H* + NHr 


very small 



Constant.s for Various Equilibria 




a( 1 atm and 298 K 




H,0:=Hnaq)+OH;-(aq) 


K.=: 1,0X10-^ 


..HaCOO-Caq) -f ?L0 = caCOOH(aq) 4 OH-(aq) 


K„ = 5.6X10-'^ 


NH,(aq) ^ ^,0 = M!,'(aq) f- OH-(aq) 


Ki,=::1.8XlO-' 


CO/- (aq) 1- H,0=: HCOrCaq) -r OH (aq) 


Kb :^ 2.1 XIO-* 


Ag(NH3), '(aq) r~^ Ag^(aq) 4- 2NH,(aq) 


K,, .= 6.3X10-' 


H(g)^h3H,(e)zz:2NH,(g) 


K^ = 6.7 X 10' 


H,Cg) + I,(g)-2HI(g) 


K,, = 3.5X10-' 


Compound 


^fp 


Compound 


K.„ 


AgC! 


1.6 X 10-^" 


PbCL 


1.6 X 10-' 


AgBr 


7.7 X 10-" 


PbCrO^ 


1.8 X 10-" 


Agl 


1.5 X 10-'^ 


Pbl, 


1.4 X 10-" 


B;,S()^ 


l.l X lo-'f 


ZnS 


1 .6 X >0~'' 
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STAND.4.RD ELECTRODE POTENTIALS 


lorac Concentrations 1 M Water at 298 K, 1 atm 


Half-Reaction 


C* 




{volti) 


F,(g)+2e'— >-2F- 


+2.87 


MnO,~ + 8H- + 5e- >" Mn-'^ -i- 4H,0 


+ 1.52 


Au'* + 3c-— »-Au(j) 


+ 1.50 


CU{g)-\-2c" >2Cl 


+ 1.36 


CT,Or + I4H* + 6e- — >-2Cr" + 7H,0 


+ 1.33 


MnO.a) +4H* +2e-— >"Mii-* H- 2H..0 


+ 1.28 


iO,Cy)+2H^ + 2e- >Hfi 


+ 1.23 


Br.,({!)+2c- >2Br- 


+ 1,06 


NO," + 4H* -f- 3e" — ^NO(jf) -t- 2HjO 


+0.96 


J0,(^) +2HH10---M) 4- 2c- >-H,0 


+0.82 


Ag++f- >-Ag(j) 


-(0.80 


iHg,'*+c-~-^Hg C) 


+0.79 


Hf*+2c- "Hgie) 


+0.78 


NO/ + 2H ^ + e~ —y NO,(fi) l- H,0 


-(-0.78 


Fc"*-+c-~>'Fe'* 


+0.77 


UU)H-2e^— *-2r 


+0.53 


CuM-f""~^Cu{.0 


■1-0.52 


Cii'* + 2(T — >-Cu(.0 


+0.34 


SO,'- -|. 4H* -\- le- -^SOjU) ■\- 2H,0 


+0.17 


Sii** + 2e >-Sn^* 


■10.15 


2HM-2*r— +H,(y) 


0.00 


Pb"+2e-~>"Pb(5) 


-0.13 


Sh" -f-2«-— >Sii(i) 


—0.14 


NH' -h2e"— >Ni(,s) 


—0.25 


Co'* +2^-— >-Co(5) 


-0.28 


2H*(10-^Af).f-2(;- ~^H,U) 


—0.41 


FVM 2t'--~)-Fc(i) 


—0.44 


Cr'^-r3c-— >Ci(.v) 


—0.74 


Zri'^ + 2e'— ^Zn(.T} 


—0.76 


2H,0-h2<?-— >20H- -l-H.fs) 


—0.83 


Mn'* +2e- — >Mn{j) 


—1.18 


AV'*4-3e- — >A[(,t) 


—1.66 


Mg'^--f-2e-— )-Mg(,v) 


—2.37 


Na^ +r-^-Na(5) 


—2.71 


Ca^-^4-2?-™^Ca(.0 


—2.87 


St'* +2c-— )-Sr(.T) 


—2,89 


Ba'-» + 2<- "-VBa(s) 


—2.90 


Cs* -f e-— -J-CsGr) 


—2.92 


K*+e-— >K(.0 


—2.92 


■ Rb* -f-ff-~>Rb(i/ 


—2.93 


Li^-I-^-— >Li{.T) 


—3.00 
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PHYSICAL CONSTANTS 



Name 



Speed of light 
Avogadro number 

Universal Gas Constant 



Planck's Constant 



Charge of electron 



Symbol 



c 
Na 

R 



Values 



S.OOxlO" meters/sec 
6.02X10-^ per mole 

0,0821 litcr-atm/molC'l 
1.99 cal/mole-K 
[8.31 joulc/moIe-K 

6.63X10"^' joulc-scc 

.l,58XlO-''= kcal-scc 
l.eOxlO"'" coulomb 



Molal freezing point depression constant for H.,0 = 1 .86C' 



VIolal boiling point elevation constant for HjO — 0.52C= 



Atomic iMass Unit 
Heal F.quivalcnt 
Volume Standard 
Angstrom Unit 
Electron Volt 



I amu=: 1.66 X 10"" g 
lkcal=:4.l9 X 10' joule 
1 liter- 1.00 X 10' cm' 
lA = 1.00 X 10'" meter 
1 ev - 1.60 X 10"'" joule 



(N) 



VAPOR PRESSURE OF WATER 


«C 


■-^■torr',.'''-;;-' 
(mm Bg) \ 


°C 


■■<!t&nt,..:, 
(mm kg} 





';-^:-^^:h 


26 


■^:25i,: 


5 


■.;" ■6^5':-' 


27 


■'26^7^, 


10 


, ;.9.2 


28 


28.3 


15 


1--12.8 ;■:, 


29 


30,0 


16 


';:.i3.6.;;:l 


30 


.■:3I;8.:' 


17 


:14.5 .;■ 


40 


■ --ss-.^ "■■ 


18 


,15.5 


50 


■ 9i:S- 


19 


-16.5 ■ 


60 


.■■i4S>>tJi 


20 


:vn.5':;""-- 


70 


■■■23l7:i 


21 


18.7 -I, 


80 


;355.I;; 


22 


: I9'8'. • 


90 


, 525^8 ' 


23 


^21. 1, 


100 


760,0 . 


24 


.22-4 


105 


9.06ii:; ■ 


25 


23.8 


110 


1074;6' 



Periodic Toble of tlie eh 



Relative aic^.-fliK 



1 

i lA 



KEY 



- 1 



H 



0.32 



Atomic Mass (Weight). 
Symbol _ 



IIA 



Atomic Number. 
Electron Configuration _ 



3 



1.23 



n.9S9S + 1 

Na 

11 - 



3! 102 



K 



U,i7 + I 

Rb 

37 ^'* 

l<'15i' 



'.0132 +1 

Be 

4 "''^ 

l^■'^v■ 



2J317 .(-2 

Mg 

12 '^' 

I Nil 3)'' 



40 08 +3 

Ca 

20 '" 

I A. I .It' 



is:.»05 + 1 

Cs 



55 

[H16i' 



2.3S 



Fr 



87 



0?.6J >.J 

Sr 

38 '" 



Ba 

56 '« 



?2.oin5 -4 

O 0.77- 



Is22s22p2 



— Select*.! C 

— Covalat , 



y^ 



Transition Elements 
A 



lilB 



GROUPS 
IVB VB 



VIB 



VIIB 



VIII 



Sc 

21 ''' 



30.905 



39 '*' 



r 



i7.*0 +2 

Ti 

22 '" 

|A.|3t*'4l- 



9122 +J 

2r 



40 



1.45 



S0.9« +2 

+ 4 

+ s 



V 

23 '" 



92.904 +3 

Nb 



(226) +1 

Ra 

88 "° 



iaa.91 +3>^178i9 +4 

La I Hf 

57 '*' 1 72 '" 



(237) -t-s, 

Ac 

89 



2.0 



104 



41 

If'l-id'Si- 



1.34 



>S 0.948 tS 

Ta 

73 13. 

|X»)4("Sd:6.-' 



105 



SI. 996 +2 

Cp ' 

24 "« 

!Ar]3d-Mi' 



95.94 +3 

Mo 



42 

!K^J4a!si 



1.30 



163.85 +6 



w 



74 30 

(>:oI4f"5d'6.= 



54,9380 +2 

+ 3 
+ J 
+ 7 



Mn 

1.17 



25 

lAr) 3d'4i: 



98.9062 +4 

Tc" 



I.J7 



43 

tKr]dd«5si 



186.2 

Re 



+ 6 
+ 7 



75 



1.23 



|XfHfi'SdSi,l 



S5.S47 +2 

+3 



Fe 



26 ' 

[All 3d ".4.^ 



101.07 +3 



Ru 



44 

[KrlJd'Si 



1.35 



I90,J +3 

OS 

76 ''" 

rXrj] 4("idfil' 



S8?J5! »1 

Co 



i!)2.:oi •! 

Rh 

45 '■" 



192J 



.J. 



It 

77"' 



Numbers in porentheset are mass numb«rt of 
most stable or mosF common isotope. 



Lcinthanide Series 



Actinide Series 




3 I 140.90/ 



Pr 



59 



l.W 



231.036 +A 

Pa 

91 



144 Jj J-3 



Nd 



60 



338.03 +3 

+ 4 

+5 
■¥(, 



u 



92 



r.43 



r'451 +3 

Pltl 



61 



1,S3 



337.048 +3 

+4 
+ 5 
+ 6 



Np 



93 



Sm 



62 



1.63 



(344) +3 

■\-A 
+5 



Pu 



94 



+1 



Eu 



63 



V8S 



(243) 



Am 

95 



I.U ?) 



Gd 



64 



[7171 

Cm 



96 



femenls 

'■'"e altn^ masses are based on 



— SeledwJ Oxidation States 


o 


~ Cov^t Atomic Radius ( A ) 


GROUPS 
IIIA IVA VA VIA VlfA 


4,0024 

He 

9 o,]i ] 

u' ■■.-', 




10.811 +3 

B 

5 "■" 


12.01115 -4 

c 

6 '■" 

li'2.'2p' 


14,00*7 -3 

7 O'" 43 
' 4-1 
U'2>12p> 41 


15.9994 -2 



8 ""^ 

H'Ii'2p' 


18.9984 -1 

F 

9 0,72 
U'2i'2p' 


20.163 □ 

m 

10 "" 


VIK 


IB IIB 


26.981 S +3 

Al 

13 '" 

iNe)3s*3p' 


2a.08A -4 

Si 

14 " 

|Ne] Ji'ap' 


30,9738 -3 
P 

15 '" 

[Nal 3>'3p> 


35,064 -2 

s ^ 

16 "" 

[NeJ3>'3i.* 


3S.4S3 -1 

CIH 

17 "^^ 

[NeJ3i'3p> 


39.948 

Ar 

18 ""• 

[Ntl3i'3p" 


> 


58 tiJJ il 

Co" 

27 " 

[ArlM-M! 


Nl 

28 "' 


63.U +\ 

Cu 

29 '" 

lArlSd'^J.' 


65.37 +5 

Zn 

30 '" 

(A'l 3d'°4i» 


69.72 +3 

Ga 

31 '" 

[A'l 3d"4t^4p' 


7J.59 +2 

Ge 

32 '" 

(Ar|3il>°4i'4p' 


74,9216 -3 

As- 

33 ''' 

[Ar!3d"'4i'4p' 


78.94 -2 

Se- 

34 '" 

[Ar] 36">4t'4p* 


79.909 -I 

Br- 

35 '" 

[Ar] 3d"'4i'4p' 


Kr 

36 "^ 

[A'!grf'=4i'4p'' 


loi.wi '1 

Rh 

45 "■ 


lot' +2 

Pd 

46 


107,870 +1 

47 '^- 

:'Kr; W°5i' 


\i2.Af> +2 

Cd 

48 '^^ 

(K.) Jd'»5l' 


114.82 +3 

In 

49 '" 

|KfJ4d'05)'Sp' 


118.69 +2 

Sn 

50 ''" 

(KrHifl'Sl'Sp' 


121,75 -3 

Sb' 

51 '" 

rK.] 4d"'5»'sp' 


127.60 ~2 

52 '" 

|Kr]4dHS.fSp* 


126,9044 - 1 

53 ■" 

[KO 4d'0Si!5p' 


131.30 

Xe 

131 

54 

rK.)4t(">ii'Sp* 


192.1 ■' 

IT 

77':" 


Pt 

78 '" 

:!<';i4(ii5d''6s' 


IM «7 + 1 

Au 

79 '" 


20O.S9 ■(- 1 

Hg 

80 '"' 

[Xel4f''5di"6.'' 


204.37 + 1 

n 

81 "^ 

|Xe]4*-'5di'«»''6p' 


S07.T9 +2 

Pb 

82 '" 

iX»14f"Sd'''6i*6p2 


200,980 +3 

Bi 

83 '" 

[X»l^f'*5d"'6t'6p' 


t209) 42 

Po 

84 '^ 


WO) 

At 

85 '" 

IXnt 4f "5dl°6*'Sp 


[2SJ> . 

Rn 

86 








i 

1 


1 

: 

1 
J 




1 

1 

1 

1 

1 

_J 


1 1 1 
1 II 
1 1 1 

1__-__L__-J 



Tb Dy 



1.60 




43 



164-950 J 3 



Ho 



67 



(254) 

Es 



99 



167,24 +3 

Ep 



68 



i.se 



(257) 



Fm 

100 



164934 +3 



Tm 

69 " 



{256) 



101 



173.04 42 

YJJ 



70 



1.70 



(254) 



No 

102 



174.97 43' 



Lu 



71 



1.56 



(257) 

LP 



103 



